Reverse oligo used to amplify the trpA'-lacZ leader from a lamba lysogen reporter system (System II, Gourse lab collection) with flanking homology to lacZ.
caggctttacactttatgcttccggctcgtataatgtgtggaac aaccgatgaaagcggc
Forward oligo used to amplify the trpA'-lacZ leader from a lamba lysogen reporter system (System II, Gourse lab collection) with flanking homology to the lacUV5 promoter. 6910 gctgtgggattaactgcgcgtcgccgctttcatcggttgtatc aaagggaaaactgtcca
Reverse oligo used to amplify the cat-sacB cassette with flanking homology to the trpA'-lacZ leader. 7017 gcagcgtatcacgaggccctttcgtcttcacctcgagtcattg ccatggcgcaaatcacg
Forward oligo used to amplify rpsT, starting from -100 relative to the rpsT P1 TSS, with flanking homology to the tetAR cassette. 7018 tgggattaactgcgcgtcgccgctttcatcggttgtggccgag gaatatgcccttttagc
Reverse oligo used to amplify the rpsT promoters, starting from +2 relative to the rpsT P2 TSS, with flanking homology to the trpA'-lacZ leader. 7020 tgtaaaacgacggccagtgaatccgtaatcatggtacgagc cttttcagactgaatggcg
Reverse oligo used to amplify the rpsT leader, starting from the 18 codon of rpsT, with flanking homology to the lacZ ORF; this oligo creates an in-frame fusion between S20 (1-18aa) and LacZ. 7021 ccggcagcgtatcacgaggccctttcgtcttcacctcgagtca gaaaattattttaaatttcctcttgtcaggccgg
Forward oligo used to amplify rrnB P1, starting at -61 from the TSS, with flanking homology to the tetAR cassette. 7022 gggattaactgcgcgtcgccgctttcatcggttgttggtggcg cattatagggagttatt
Reverse oligo used to amplify rrnB P1, starting at +1 from the TSS, with flanking homology to the trpA'-lacZ leader. 7024 ccggcagcgtatcacgaggccctttcgtcttcacctcgagtca gaaaattattttaaatttcctcgactcaggccgg
Forward oligo used to amplify the rrnB dead promoter (rrnB P1 mutant that has no RNAP binding activity; pRLG11826 from Gourse lab strain collection), starting from -61 relative to rrnB P1 TSS, with flanking homology to the tetAR cassette. 7025 gcggctgtgggattaactgcgcgtcgccgctttcatcggttgt tggtggcgccttaccgg
Reverse oligo used to amplify the rrnB dead promoter (rrnB P1 mutant that has no RNAP binding activity; pRLG11826 from Gourse lab strain collection), Reverse oligo used to amplify the rpsJ leader, starting from the 10 th codon of S10, with flanking homology to the S20 (mut1-18aa) and SBP-tag region. 7399 gctgtgggattaactgcgcgtcgccgctttcatcggttgtccg cgcattatacatacttaaccaccgaac
Reverse oligo used to amplify the rpsJ promoter, starting at +1 relative to the TSS, with flanking homology to the trpA'-lacZ leader. 7442 tttacactttatgcttccggctcgtataatgtgtggagcttgtc gtagttgacagcaggt
Forward oligo used to amplify the rpsJ leader, starting at +2 relative to the rpsJ promoter's TSS, with flanking homology to the lacUV5 promoter. Double stranded DNA fragment containing the lacUV5 promoter, trpA'-lacZ leader (sequence in bold), MUT S20 (1-18) (mutations described in Supplementary Materials and Methods), and the sequence coding for the Streptavidin-binding peptide (SBP), was fused in frame to the first few codons of lacZ and used to clone the first 18 aa of S20, with silent mutations that eliminate regulation through translational feedback, and SBP fused to the NTD of β-galactosidase by recombineering. 7395 ggctttacactttatgcttccggctcgtataatgtgtggacatc actacgtaacgagtgccggcacattaacggcgcttatttgca caaatccagccacaaaagaaggctaaaaggggctctacctc ggcctttgaattgtccatatagaacacatttgggagttggacc ttggctaatatcaaatcagctaagaagcgcgccattcagtct gaaaaggctcgtatggacgaaaaaaccaccggttggcg Double stranded DNA fragment containing the lacUV5 promoter, the rpsT leader starting at +3 relative to the rpsT P1 TSS, and mutations eliminating the activity rpsT P2 promoter (mutations are described in Supplementary Materials and Methods), as well as the coding sequence for the first 18aa of S20, and the SBP-tag. This fragment was used for recombineering to create the PlacUV5_Long rpsT leader construct.
Supplemental Materials and Methods
Strain constructions. Reporter fusions were constructed in DY330 (3) by recombineering (10) .
Briefly, cells were grown in LB at 30°C with aeration to OD600 = 0.4-0.6, λ Red recombination functions were induced by heat-shock at 42°C for 15 min, and cells were made electrocompetent by multiple rounds of washing with cold-H2O (10). Double-stranded DNA fragments containing the sequences of interest were electroporated into cells where they recombined with the chromosome by homology. Recombinants were selected by antibiotic resistance or counter-selected by plating the recombinants on LB without NaCl, supplemented with 6% sucrose, and growing at 30°C (11) . Double-stranded DNAs were obtained by PCR with
Phusion high-fidelity DNA polymerase (New England BioLabs M0530) following the manufacturer's protocol and using the oligos and template DNA listed in Table S1 .
To construct reporter fusions, an frt-kan cassette was cloned into the ygfF-gcvP intergenic region (genomic position 3044022…3044161 in the MG1655 DNA sequence; accession number NC_000913.3) of DY330 (3) (strain RLG6341, lab collection), downstream from the rho-independent terminator of gcvP, resulting in strain RLG11397. This genomic location was chosen because ygfF is not an essential gene, and its deletion does not have effects detrimental to cell growth (12) , suggesting that any unintended effects on expression of ygfF should not affect the reporter fusion. In addition, the Rho-independent terminator in gcvP should decrease background from transcription originating upstream of the reporter region. A cat-sacB cassette was inserted downstream frt-kan of RLG11397, forming a frt-kan-cat-sacB fusion (RLG11398). The frt-kan cassette in RLG11398 was then replaced by a tetAR cassette (RLG11399) to further reduce potential leaky transcription from upstream of the reporter; in the absence of tetracycline expression of tetA is repressed by TetR (13).
Using counter-selection, we substituted the cat-sacB cassette from RLG11399 with a DNA fragment containing a PlacUV5-lacZ-rrnB T1 fusion downstream of tetAR (RLG13665). We reinserted the cat-sacB cassette between PlacUV5 and lacZ of RLG13665, forming RLG13667.
Initial tests with reporter fusions based on RLG13667 showed that the synthetic lacZ ribosome binding site (RBS) in that fusion was too weak for measuring reporter protein expression (data not shown). Therefore, we substituted the RBS in RLG13667 with the trpA'-lacZ leader (derived from the λ-based lacZ fusion described as System II in (14) to form RLG13808. The cat-sacB cassette was then inserted between PlacUV5 and the trpA'-lacZ leader of strain RLG13808 to form RLG13812. To examine regulation by the rpsT 5'-mRNA region, we substituted the trpA'-lacZ leader with the rpsT leader, including the first 18 amino acids of S20, into RLG13812
downstream of PlacUV5 and fused in-frame to lacZ, resulting in RLG13903. However, the reporter protein band in RLG13903 (the S20(1-18aa)/lacZ fusion) migrated to the same position as another protein band (Fig. 1B, lane 9 ).
To create a reporter protein that migrated to a clearer area of the gel, we used a synthetic DNA fragment (IDT) and RLG13812 to create a fusion between the first 18 amino acids of S20 (with silent mutations that eliminated regulation by translational feedback; see Fig. 1 legend for details), the Streptavidin-binding peptide (SBP; MDEKTTGWRGGHVVEGLAGELEQLRARLEHHPQGQREP) (15) to the N-terminus of lacZ (SBP-lacZ), resulting in RLG14029. During cloning of strain RLG14029, a mutation was erroneously introduced into the lacUV5 promoter (C-14A). This mutation was corrected concurrent with insertion of the cat-sacB cassette between PlacUV5 and the trpA'-lacZ leader of strain RLG14029 to create RLG14082. All reporter fusions were constructed in RLG14082 and then transferred into VH1000 by P1 transduction (16).
Constructs 2, 4, 6-8 (Fig. 1A) containing the trpA'-lacZ leader fused to the S20(1-18)-SBPlacZ coding region also contained mutations in the rpsT sequence [MUT S20 (1-18)] designed to eliminate potential translational feedback regulation (T+133A, T+141C, A+150T, G+156A, G+159A, C+162T, C+165T, T+168A, and G+180A; numbering is relative to the transcription start site of rpsT P1) (17) . The T+133A mutation changes the start codon from UUG to AUG and eliminates translational feedback regulation of the rpsT leader (18) , while the remaining changes are silent mutations intended to disrupt the mRNA secondary structure of this region (19) .
The reporters with the lacUV5 promoter (constructs 3-5, 9, and 10) contained DNA sequences corresponding to -59/+1 with respect to the transcription start site from the lac promoter region (the lacUV5 mutation is a substitution of 2 bp in the -10 region eliminating the requirement for CRP-cAMP) (20) .
To eliminate rpsT P2 promoter activity, construct 5 (Long rpsT leader) contained 7 point mutations in the putative -35 and -10 elements [T-35G, T-34C, G-33C, C-12G, A-11C, A-9C, and T-7A; numbering relative to the rpsT P2 transcription start site (21); represented by asterisks in Fig. 1A ].
